Chlorazol Black E (CBE) stain has been used for the detection and identification of intestinal parasitic protozoa. In recent years, genotyping of protozoa has been performed to examine pathogenicity and for epidemiologic analysis. In this study, protozoan DNA was amplified from preserved human fecal specimens stained with CBE that were positive for Giardia intestinalis (syn. G. lamblia and G. duodenalis), Chilomastix mesnili, Pentatrichomonas hominis, and Entamoeba histolytica. DNA was amplified from 11 of the 12 (91.6%) samples examined. DNA from CBE-stained smears of G. intestinalis, E. histolytica, and P. hominis was amplified, whereas any amplification product could not be obtained from one of three smears of C. mesnili. Storage term and protozoan number had no association with results of PCR amplification. In genotyping of G. intestinalis, four out of six (66.7%) samples were of genotype AI, while the remaining two (33.3%) samples were of genotype B. The amplified DNA sequences showed high similarity (>99%) with that of G. intestinalis in the GenBank database. These results suggest that DNA remains stable in CBE-stained smears for long term. The present study demonstrates that nuclear extracts from specimens stained with CBE can be amplified by PCR and suggests that specimens stored for extended periods could be applied to genetic and prospective epidemiologic analyses.
Introduction
Intestinal parasitic protozoan infections are widely distributed throughout the world, especially in developing countries. While protozoan infections are generally diagnosed by fecal examination using various staining methods, molecular classification has been recently implemented to identify strain and/or species, pathogenicity and host range of parasitic protozoa, such as Giardia intestinalis (syn. Giardia lamblia and Giardia duodenalis) and Entamoeba histolytica (Amar et al. 2002 , Bhattacharya et al. 2005 , Van der Giessen et al. 2006 .
Molecular typing strategies depend on the quality and quantity of purified DNA, which is routinely extracted from fresh feces specimens. In general, a solution of 10% formalin is used as a preservative for parasitological and pathological processing. Formalin, however, inhibits DNA polymerase activity, making amplification more difficult and resulting in false negatives (Ramos et al. 1999) . In contrast, Chlorazol Black E (CBE) staining method does not use 10% formalin solution, and samples stained with CBE can be preserved for long periods. CBE was originally described as a "solution fixative" stain by Kohn (1960) . It has been shown to be useful for identifying protozoan parasites in fecal smears (Gleason and Healy 1965) .
The objective of the present study was to adapt a PCR protocol to amplify DNAs from parasitic protozoa preserved in CBE-stained smears.
Materials and methods

Samples
Twelve protozoa-positive human fecal samples (G. intestinalis (n = 6), Chilomastix mesnili (n = 3), Pentatrichomonas hominis (n = 2) and E. histolytica (n = 1)) were collected from 1996 to 2009 at Kochi Medical School Hospital, Kochi Prefecture, Japan. Cysts and/or trophozoites in freshly collected samples were stained with CBE and detected by microscopic observation. The stained smears were stored at room temperature. Prior to DNA extraction, the number of protozoa per smear was estimated by counting the number of parasites present in a total of 30 fields at ×1000 magnification.
DNA extraction from CBE-stained smears
To avoid contamination, the slide surface was washed with DNA removal regent (DNA Away, Molecular Bioproducts, San Diego, CA, USA). The stained smear was placed into a 50-ml conical tube containing xylene, and the glass coverslip was removed. The smear was then fixed in ethanol series (50%, 60%, 70%, 80%, 90%, 95% and 100%), and washed three times in TE buffer. The specimens were collected from slides using a scalpel and then transferred into 2-ml tubes. Specimens were centrifuged at 13,000 × g for 5 min. at 25°C, and the resulting cell pellet was then subjected to five cycles of freeze-thaw at −80°C and 95°C in a deep freezer and water bath, respectively. DNA was extracted using a QIAamp DNA Stool Mini kit (QIAGEN, Valencia, CA, USA) following manufactures instructions.
PCR amplification and restriction fragment length polymorphism (RFLP) analysis for G. intestinalis: Sets of primers and polymerase used in this study were shown Table I . A hemi-nested PCR was done to amplify the triosephosphate isomerase (tpi) gene of G. intestinalis, using the primers designed by Amar et al. (2002) with some modifications. The first PCR mixture contained 6 μl of distilled water, 2 × PCR buffer for KOD FX (Toyobo Life Science, Osaka, Japan), 0.4 mM dNTPs, and 15 pmol of each primer (G. intestinalis assemblage A (576 bp): mTPIA-FI and mTPIA-R, G. intestinalis assemblage B (208 bp): mTPIB-FI and mTPIB-R, 1 U of KOD FX DNA polymerase (1 U/μl, KFX-101, Toyobo Life Science), and 5 μl template in a total volume of 50 μl. All reactions had an initial denaturation step at 94°C for 2 min. followed by 30-40 cycles of 98°C for 10 s, 63°C for 30 s, and 68°C for 15-45 s.
The second PCR mixtures for G. intestinalis assemblage A or B contained above PCR mix, 15 pmol of each primer (G. intestinalis assemblage A (476 bp): mTPIA-FII and mTPIA-R, G. intestinalis assemblage B(140 bp): mTPIB-FII and mTPIB-R) and 5 μl amplicons (10 -1 ) in a total volume of 50 μl. A pair of primer mTPIA-FII and mTPIA-R was used to amplify genotype A, while a pair of primer mTPIB-FII and mTPIB-R for genotype B. All reactions were performed using the thermal cycler protocol described above. Both positive and negative controls were included in each PCR to validate results.
PCR products were analyzed by agarose gel electrophoresis with ethidium bromide staining. Restriction fragment length polymorphism (RFLP) analysis was performed by digesting 10 μl of the TPIA-PCR products with 5 U of RsaI (New England BioLabs, Ipswich, MA, USA) in 10 × enzyme buffer in a final volume of 20 µl for 4 hours at 37°C. Table I . P. hominis: The 18S rRNA genes (339 bp) were amplified according to the method described by Kim et al. (2010) with some modifications. PCR mixtures contained 6 μl of distilled water, 2 × PCR buffer for KOD FX, 0.4 mM dNTPs, 15 pmol of each primer (mTh1 and mTh2), 1 U of KOD FX DNA polymerase, and 5 μl template in a total volume of 50 μl. PCR reactions were performed under conditions described for G. intestinalis.
Table I. Primers sequences and polymerase
Primers Polymerase
Giardia intestinalis
E. histolytica: The 30-kDa cysteine rich protein gene (100 bp) was amplified according to Tachibana et al. (1991) .
C. mesnili: The oligonucleotide primers used to amplify the 18S small subunit (SSU) ribosomal RNA gene (374 bp) were CM-F and CM-R. PCR mixtures (25 μl) contained 10 × PCR buffer, 0.25 mM dNTPs, 2 μM of each primer, 0.05 U/μl Taq DNA polymerase, and 2.5 μl purified DNA. All reactions included an initial denaturation step at 94°C for 4 min, 40 cycles of 94°C for 30 s, 54°C for 30 s, 72°C for 1 min, and a final extension of 72°C for 10 minutes.
Genotyping and sequencing analysis
Bands were excised from agarose gels and purified using a Qiagen gel extract kit (QIAGEN, Valencia, CA, USA). The purified fragments were sequenced using an ABI PRISM 310 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA), using the Big Dye Terminator v3.1 Cycle Sequencing Kit. Sequences were processed using Sequence Scanner Software v1.0 (Applied Biosystems). Sequences were aligned against the following GenBank entries: L02120 (G. intestinalis assemblage AI), U57897 (G. intestinalis assemblage AII), L02116 (G. intestinalis assemblage B), M35635.1 (E. histolytica 29 kDa cysteine-rich surface antigen mRNA), EU009466 (C. mesnili clone 2_2 small subunit ribosomal RNA gene) and DQ412643 (P. hominis isolate small subunit ribosomal RNA gene). The sequences were analyzed using the BLASTn program (Altschul et al. 1990 ) of National Center for Biotechnology Information (NCBI) and aligned with Clustal X software (Thompson et al. 1997) .
Results
Influence of the storage term and number of protozoans on PCR amplification
DNA from 11 of the 12 stained smears was amplified (91.6%) (Table II) . DNA from all G. intestinalis, E. histolytica, and P. hominis CBE-stained smears was amplified, whereas one of the C. mesnili smears did not produce any amplification product (Fig. 1) . The relationship between protozoan number and PCR amplification is shown in Table III . The number of protozoa in CBE staining smears ranged from 4 to 433 parasites, from a total of 30 fields using a ×1000 magnification. Storage term and number of protozoans had no association with PCR amplification (Tables II and III) .
Genotyping and sequencing analysis
The tpi gene from G. intestinalis was amplified from six samples. Four (66.7%) samples were genotype A and two (33.3%) samples were genotype B (Fig. 2A, B ). RFLP analysis with RsaI was then used to identify assemblage A subgroups. As a result, all of the four samples were identified as subgroup AI (Fig. 2C ). Sequences were analyzed by BLASTn. The G. intestinalis tpi genes A and B, C. mesnili 18S SSU rRNA, E. histolytica 30-kDa cysteine rich protein, and P. hominis 18S rRNA showed a significant sequence similarity (99-100%) to reference sequences (G. intestinalis assemblage AI, L02120; G. intestinalis assemblage AII, U57897; C. mesnili, EU009466; E. histolytica, M35635.1; P. hominis, DQ412643). G. intestinalis genotype A sequences showed significant sequence similarity (>99%) to GenBank accession number L02120, assemblage AI. These sequence data were congruent with those obtained by RFLP. 
Discussion
We have shown that PCR technique can be applied to DNA samples extracted from CBE-stained smears that have been preserved for a long period. These results suggest that DNA remains stable in CBE-stained smears. It is thought that this method is useful for studying long term epidemiology and phylogenetic studies.
Significant sequence similarity was observed in BLASTn searches at each parasite. Four samples containing G. intestinalis genotype AI were consistent with results of RFLP analysis. So far, in Japan, genotype AII and B of G. intestinalis have been reported from three human isolates , Matsubayashi et al. 2005 . More analyses are needed to clarify the details in epidemiology of G. intestinalis genotype in Japan.
The amplification rates described in the present study (91.6%) exceeded those reported previously. Troll et al. (1997) amplified the 16S rRNA gene from E. histolytica and Entamoeba dispar from 7 out of 19 fecal samples (36.8%) that Fig. 2 . Amplification of G. intestinalis genotypes A and B from DNA extracted from CBE-stained smears. A -Amplification of genotype A, B -amplification of genotype B. C -RFLP analysis was performed by digesting 10 µg of the genotype A products with RsaI. Digestion of genotype AI (476 bp) (▲) by RsaI resulted in products of 437 bp ( ) and 39 bp G1-G6; G. intestinalis amplified from DNA of CBE-stained smears. N -negative control was used in distillated water, P -positive control of genotype A and B were used G. intestinalis Portland-1 genomic DNA (ATCC 30888D) and plasmid DNA cloned from clinical isolated G. intestinalis genotype B, respectively, NP -undigested positive control, M -molecular weight marker were fixed with sodium acetate-acetic acid-formalin for 2 days. Traub et al. (2004) analyzed 29 human fecal samples that were positive for Giardia and preserved in either potassium dichromate or formalin. Giardia SSU-rDNA, ef1 and tpi genes were amplified and genotypes characterized from 24 (83%), 17 (59%) and 16 (55%) samples, respectively. Amar et al. (2001) have also reported that the Cryptosporidium oocyst wall protein (COWP) gene fragment can be amplified from 89 (85%) out of 105 positive stained fecal smears for C. parvum oocysts (20 of which were stained using immunofluorescence methods, 60 by the modified Ziehl-Neelsen, and 25 by auramine phenol methods). Their study has indicated a correlation between the amount of C. parvum oocysts observed by microscopy and the proportion of samples where the COWP gene fragment was amplified. In the present study, we did not perform a sensitivity analysis between of the amount of protozoan parasites and the amplification rate. However, it has been shown that amplification rate from samples containing less than one parasite in a microscopic field was effective in 88% of the analyzed samples.
In this study, we used KOD FX polymerase in addition to Taq polymerase. KOD FX is a DNA polymerase from the hyperthermophilic Archaeon Thermococcus kodakaraensis KOD1 (Takagi et al. 1997 , Hashimoto et al. 2001 and is effective for DNA amplification from crude samples such as human fecal specimens. It has been reported that KOD FX results in much greater PCR success than other polymerases because it has a higher efficiency and elongation capability than Taq-based PCR enzymes (Hayashida et al. 2009 ). In this study, KOD polymerase amplified genotype B of G. intestinalis, whereas Taq polymerase was unsuccessful. Molina et al. (2007) reported tpi PCR amplification from G. intestinalis from formalin-fixed feces samples. The rate of positive amplification of the tpi gene was 82.4%, and all samples were identified as genotype B. These samples were stored in 10% formalin for only 5 days. It is not clear whether positive results could be obtained from formalin-fixed samples that had been stored for longer periods. In general, formalin solution requires careful handling and disposal. Conversely, CBE-stained fecal samples were fixed using ethanol. Handling of ethanol is not as strictly regulated or dangerous as formalin. Furthermore, DNA may be preserved stably for a longer period in CBE-stained smears than in formalin-fixed samples. Although it is desirable to use DNA extracted from fresh fecal samples for PCR, we propose that CBE-stained smears are a viable alternative for gene analysis when it is not practical to use fresh samples, or when fresh samples are not available.
In conclusion, we showed that genes can be amplified by PCR from CBE-stained smears, even if the samples have been stored for up to 14 years. Results obtained using this method could be used for phylogenetic studies to determine the origin of the pathogenic protozoan parasites, and to investigate epidemiological events. For example single-and multi-drug resistance protozoan parasites to some of compounds have been reported in human patients (Lalle 2010 ). The method mentioned in the present study could lighten the timing of appearance and distribution of drug-resistant protozoan parasites in retrospective study.
